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\xTﬁé‘éffect of IFN ¥ on’dé&gne virus infection of human monoeytic cells
was studie‘n Pretreatiwent of U93'7 cells with IFN-Y results in a significant
increase in the number of dengue-infected cells and in the yield of infectious
virus, IFN-Y¥ does not augment dengue virus infectlon when cells are infected
with virus fn the absence of anti-dengue antibodies. IFNY¥ does not augment
dengue virds infections wheh celis are infected with virus in the presence of
F(ab')y prepared from anti-dengue. IgG. Human¥~ globulin inhibits IFN-Jinduced
aug:j:gdtion. IFN-Y increases the number of Fc¥ receptors on U937 cells. The
inerease in the percentage of dengue antigen-positive cells correlate with the
incréase in the number of Fd ¥ receptors after rIFN-Y treatment. These results
indicate that IFN-I'=induced augmentation of dengue virus infection is Fey
feceptor-mediated. IFNY augments déngue virus infection of human monocytes

A\

enriched from PBMC.

\

‘:;>These result indicate that PBMC fyom dengue-immune donors contain CDR%’T
cells which proliferate and produge GFN ¥ after stimulation with dengue
antigens, and suggest that th622%§) which is produced by these stimulated
dengue-specific T cells may contFibute to the pathogenesis of dengue
hemorrhagic fever and dengue shock syndrome by increasing the number of dengue
virus-infected monocytes in the presence of cross-reactive anti-dengue

antibodies.C A L)
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I. INTRODUCTION

Dengue infections are a major cause of morbidity worlawide, and hemorrhagic
fever and shock are very severe and freguently fatal camplications of dengue
infections (1). These camplications are more commonly cbserved in individuals
undergoing a secondary dengue infection with a different dengue sercotype than
they experienced as their primary infection (2). It has been speculated that
dengue hemorrhagic fever (DHF) and deangue shock syndrome (DSS) are mediated by
host immune mechanisms.

We have begun to define the role of dengue-specific T lymphocytes in the
pathogenesis of IHF/DSS. To address this question we establish:d dengue-
specific T cell clones. In this report we describe the characteristics of
these clanes. They have ¢cbat, cp4t, CD8™ phenctypes and respand to four
semtypesotdaqnmtigaswiﬂ:ﬂnhighastmspasetodaguesantigen
They produce IFNy after stimilation with dengue antigens. The IFNy produced
a\mentsdagtnvinsmfectlmofhumnmncytsammicoensinﬂn
presence of anti-dengue antibody.

We attempted to induce dengue antigen-specific proliferative responses of
lymphocytes. Sonicated, dengue—~infected Vexro cells were used as dengue
antigens. PEMC from a dengue antibody-positive donor were cultured with dengue
or control antigens diluted at various concentrations, and SH-TGR incorpora-
tion wvas examined. Dengue antigens induced significant proliferative responses
of PEMC, and there was a good correlation between the level of the prolifera-
tive responses and the concentration of denque antigens (Figure 1), Control
antigen did not induce significant proliferative responses. A time course
study showed that the proliferative responses reached maximm levels on day 6
(data not presented).

The results shown in Figure 2 illustrate the proliferative responses of
PEMC cbtained from eleven Thai donors and two American donors who were known to
have previously been infected with dergue virus. The PEMC from these donors
showed significant proliferative responses induced by dengue antigens (8/9 with
dengue 1 Ag; 10/13 with dengue 2 Ag; 5/7 with dengue 3 Ag; 5/7 with dengue 4
Ag). The PEMC from Massachusetts blood bank donors did not significantly
proliferate in response to dengue antigens. The failure of PR of same Thai
donors to respord to certain dengue antigens may be due in part to the fact
that PEBMC were derived from healthy adults, and denque infections are most
camon during childhood. Table 1 contains a summary of the positive prolifera-
tivemnxhnedbydengmmtxgersusuq?ﬂrfmmmmn@n
donors. These results indxcatemat antigens of the four dengue serctypes can
induce proliferative responses using PEMC from dengue ant:.body—posxtwe donors.
Neither dengue antigens nor control antigens induced significant proliferative
responses of PR from non-inmune donors.

4
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Table 1: Aamzyofﬂnpmliferativemspasesofomdengue
immne donors to dencue antigens.?

donors Index c.p.m. donors Index C.p.m,

Dengue 1 8 7.4 9011 6 1.0 664
(2.8-15.7) (1018=-19343) (0.5=2.0) (142-2357)

Dengue 2 10 7.5 4644 9 1.1 1038
(2.2=-19.5) (1019-10872) (0.6-1.4) (93-2897)

Dengue 3 5 6.6 6005 7 1.1 732
(2.1-9.9) (1706-13762) (0.7-1.9) (158-1975)

Dengue 4 5 8.2 7936 5 1.3 611
(2.4-21.5) (2153-17178) (0.8~1.8) {185-1275)

Control Ag 11 - 1046 9 - 783
(68-4033) (261-2172)

No Ag 11 - 630 9 - 529
(69-1980) (95-1723)

¥4 x 10° PEMC were cultured for 6 Aays with dengue or control i diluted at
1:30. cellsmpnsedwiﬂalzsuci%Jmeorshamsbefomhawest.
Results are presented as averages.

bmerspa'sesofPQcotdengue-immedunrswmmdastimnatimhdexof
greater than two with each of the four dengue antigens are included. The
stimilation hﬁexmsmlmlatadfmmancainﬂuoedbydenguehg/meancm
induced by contxol Ag. Quadruplicate samples were usec.

A-2. Detection ¢f IMNY in the culture fluids of PEMC stimiated with dengue
antigens

We examined the culture fluids of FEMC stimilated witn dengue antigens for
IFN using ELISA with monoclonal antibodies to uman IFNy and x. IFNy was
detected at high titer in the culture fluids of PEMC from dengue~immune donors
stimilated with dengue antigens (p<0.02 compared to the amount of IFN v detected
in cultures of PEMC from non-immme donors), kut not in the culture fluids of
PEMC stimulated with control antigen or cultured alone (Table 2). IFNx was not
detected in the culture fluid of PEMC after stimulation with dengue or control
antigen (data not presentad). The culture fluids of PEMC from antibody-
negative donors stimvlated with dengue antigens did not contain significant
titers of IFNs. These results indicate that dengue~immne PEMC produce high
titers of IFN; after stimlation with dengue antigens, but do not produce IFN«,

6




IMNy wvas detected at low titers in the culture fluids of PEMC fram same donors
alltured withaut antigens. It has been reported that PEMC from same normal
adults produce IFNy during in vitro culture without the addition of specific

Table 2: IFMNy production by PEMC from dergue antibody-positive donors
after stimilation with dengue antigens.?

IRy (U/P N —
Denors Dengue 1 Dencque 2 Dengue 3 Dengue 4 Control No Ag
A Ay N L N

Dengue antibody-positive

T 25 120 28 70 2 2
V3 42 56 51 115 14 14
™ kk) 47 14 26 1l 3
Al 32 43 61 38 3 3
Dengue antibody-negative

M 8 5 8 5 5 6
M 3 11 4 3 2 3
M} <1 2 2 2 2 2
M <1 <1 <3 <1 <1 <1

34 3 10° PEMC were cultured for 6 days with dengue and control Ag diluted at
1:30, <Qulture fluids were examined for IFNy by ELISA.

Prhe titers of IMNy induced by deryue and control antigens were campared by
Student ‘s t test between dengue antibody-positive and antibody-negative
donors. IFNy induced by dengue 1Ag, p<0.001; by dengue 2 Ag, p<0.02; by
dengue 3 Ag, p<0.02; by dengue 4 Ag, p<0.01; by ocontrol Ag, p>0.2 (not

significant) ; without Ag, p>0.2 (not significant).

We used PEMC from donor A who was known to ke infected with denque 3 virus
for cloning. Table 3 shows proliferation responses of donor A PEMC to dengue
antigens in a bulk culture.




Teble 3: Proliferative responses of the PBAC of doror A to dervue antigens
in a bulk culture

3P-TeR_incorporation (¢.p.m.)

Antigens Donor A Donor Bk Donor Ch*
Dengue 1 5128 15932 481
Denjue 2 6643 5083 516
Dengue 3 25177 6772 682
Dengue 4 2883 4329 603
Control 660 1065 460
No Ag 707 1091 450

*Donor B was known to have been infected with dengue 1 virus in Aruba in 1985.
**Donor C did not have anti-dengue antibody.

4 x 10° PEC were cultured with dengue 3 antigen at a final concentration
of 1:30 in 0.2 ml RAI containing 10% human AB serum in 96 well round-bottcom
plates for 7 days. On day 7, blast cells were enriched by Ficoll-Hypaque
density gradient centrifugation and were cultured at_concentrations of 1
cell/well with y-irradiated autologous PEMC (1 x 10%) in 0.2 ml RPMI
containing 10% human AB serum (UMMC), 10% IL~2 and dengue 3 antigen at a final
dilution of 1:30 in 96 well round bottom plates. On day 14, 0.1 ml of medium
was removed fram each well and 0.1 ml of fresh medium with human AB serum, IL~2
and dengue antigen was added to maintain the same final concentrations -
described above. On day 21, cells in wells demonstrating growth were trans—
ferred to 48 well flat borttcm plates (Costar, Cambridge, MA) and were further
cultured with 1 x 106 y-irradiated autologous PBMC in 1 ml of RPMI containing
10% human AB serum, 10% II2, and dengue antigen at a dilution of 1:30.

B-2. Antigen specificities of the clones

Fifteen clones were established and were exzmined for antigen specificity
using dengue antigens of four serotypes. All the clones responded best to
dengue 3 antigen, and they also responded to dengue 1, 2 and 4 antigens to
lower but significant levels (Table 4). Same clones also responded to yellow
fever antigen. Therefore, they are dengue virus-specific and serotype cross
reactive.
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Table 4: Proliferative responses of human T ¢ell clones
to dengue antigens

IR inootporation (C.R.am.) )
Clones Dengue 1 Dengue 2 Dengue 3 Dengue 4 YF control Ag No Ay

JK3b 2322 1960 4816 1968 1226 398 200 -
JK3¢ 2052 1760 5482 1120 624 596 500
JKe 1540 1630 2906 1238 456 620 356
JK24 2581 2205 13809 1457 355 348 108
JK26 1438 2078 2378 1394 641 436 708
JK27 6683 711 11728 3839 1880 827 650
JK28 1949 2286 2600 1681 788 684 633
JK30 831 896 3246 721 276 112 218
JK31 745 1269 7309 837 397 140 133
JK32 1416 3290 4102 2410 1925 133 245
JK33 4530 8152 12756 6286 3070 1161 1949
JK34 2651 8457 9256 4253 1910 480 1076
JK35 3507 4372 6260 5025 3854 2403 1290
JK36 1732 13159 15055 7167 903 140 1225
JX37 4478 6958 26892 5827 2546 1223 1985

B-3. Fhenetvpic analysis of the Clones

Fhenotypes of the clones were examined using five monoclonal antibodies.
Table 5 indicates specificities of the monoclonal antibodies used.

Table 5: Specificities of the monoclonal antibodies against human T cells ‘

CD3 (anti-lLeud) pan®T

D4 (anti-Lend) helper/inducer

2H4 suppressor inducer

4B4 helper for Ab production
CD8 (anti-leu2) suppressor/cytotoxic

All the clones had cp3t, Gt and CI8™ phenotypes. Six clones examined
(TK26, 31, 32, 34, 35, 37) were 2H4™ 4B4%, and one clone (JK33) was 2H4™ 4B4™.

The clones were examined for the production of IFNY and lymphotoxin (LT)
after stimlation with dengue amd yellow fever antigens. They produced high
titers of IFNy after stimilation of dengue 3 Ag. They also produced IFNy after
stimilation with dengue 1, 2 and 4 antigens. The titers of IFNy induced by
denque 1, 2 and 4 antigens were not as high as those induced by dengue 3

9
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antigen (Table 6). They did not produce IT by the stimulation with specific
dengue antigens. .

Table 6: IFNy production by T cell clones
after stimilation with antigens

JK3b 2 3 11 7 3 7 4
JKQc 4 3 16 2 5 6 7
TKe 3 6 10 4 2 5 3
JK24 33 4 53 5 3 <1 <1.
JK26 26 74 39 19 9 6 7
JK27 7 6 35 4 3 3 3
JK28 13 14 13 6 2 l <1
JK30 p 3 15 3 <1l 3 <1
JK31 3 3 8 2 2 5 6
JK32 12 23 18 11 6 3 3
JK33 14 24 41 17 8 2 5
JK34 6 22 23 10 4 2 3
JK35 17 33 51 21 10 <1l 3
JKI6 2 15 18 7 2 3 <1
JIK37 3 7 53 23 4 4 4
B-5. lysis of dendue virus-infected autologous target cells by JK32

JK32 clone was examined for cytotoxic activity to dengue virus-infected
cells. We used as target cells dengue 2 virus-infected, Epstein-Barr Virus
(EBV) ~transformed autologous lymphoblastoid cells, uninfected EBV~-transformed
autologcus lymphoblastoid cells and K562 cells. JK32 lysed dengue-infected
autologous target cells, but did not lyse uninfected target cells or K462 cells
(Table 7). Time course study showed that significant lysis was detected at 2
hoirs of incubation and the lysis reached maximm levels at 6 hours (Table 8).

Table 7: 1iysis of dengue 2-infected autologous cells by JK32

% specific 2lor release?
Effector/Target Dengue~infected Uninfected

ratio autologous cells autologous cells K562
10 60 5 1

3 57 1 1

1l 49 0 0

0.3 28 0 0

a5 x 163 target cells were incubated with varimus mumbers of effector cells

for 6 hours.

10
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Tzble 8: Time course of lysis of dengue 2-infected
autologous cells by JK32

Incubation % specific Slor yeleage®
time Dengue~-infected Uninfected
(hours) target cells target cells

1 6 0

2 22 1

3 40 2

4 59 2

6 83 10

10 87 9

3Effector/target ratio was 2.

We then examined the effects of monoclonal antibodies on the lysis of
dengue—infected target cells by JK32. %KI3 and OKIal antibodies inhibited the
lysis, but OKI1, W6.32 or BEM.1 did not (Table 9). These results indicate that
JK32 lyse target cells via the (D3 molecule and in a HIA~IR restricted fashion.

Table 9: OKI3 and OKIal inhibit lysis of dengue-infected
target ceils by JK32

Monoclanal antibodies % inhibition
Bp. 1 OKT1 0
OKT3 70
OKIal 72
W6.32 22
BExp. 2 OKT3 7
BBEM.1 17

cells.

1937 cells were incubated with 100 U/ml of recambinant IFN-Y (¥IFN-y) for
24 houxr, and then were infected with dengue virus at a m.o.i. ot 5 p.f.u./cell

11




in the presence of anti-dengue mouse serum. The percentage of dengue anti
positiye cells was determined by indirect inmmfluomcegoe staining 24 hgte;;
after infection. Anti-dengue serum at final dilutions of 1:103, 10%, and 10
al.ngent.:ed infection of nontreated U937 cells, and further augmented dengue
virus infection, when U937 cells were pretreated with rIFN-Y (Figure 3).

Normal mouse serum which did not contain detectable levels of anti-dengue
antibody did not augment dengue virus infection of the nontreated or the IFN-Y
treated U937 cells (data not presented). Based on these results, we decided to
use anti-dengue serum at a final dilution of 1:10% in the following

expariments.

60-
50~:
40-
30:

20+

10+

\ |

T ¥ T T§~~T-" ,m__

02 10° 10* 10° 10°* No serum
Dilution of anti-dengue 2 serum

% Dengue Ag-positive cells

Figure 3: Effect of dilution of anti-dengue serum on dengue virus infection of
U937 cells. U937 cells were incubated with or without 100 Uml of rIFN-Y for 24
hours, and infected with dengue virus at a m.o.i. of 5 p.f.u./ml in the
presence of variable dilutions of anti-dengue mouse serum. The percentage of
dengue antigen-positive cells was determined by indirect immmnofluorescence
staining 24 hours after infection. (Q: U937 cells pretreated with rIFN-Y .

€ : Nontreated U937 cells.

U937 cells were incubated with variable amounts of rIFN-Y for 24 hours, and
infected with dengue virus at a m.o.i. of 5 p.f.u./cell in the presence of the
anti-dengue mouse serum at a final dilution of 1:10%. Pretreatment of U937
cells with rIFN-y at concentrations from 1 to 10,000 U/ml increased the
percentage of dengue antigen-positive cells. The percentage of antigen-
positive cells reached a maximum level by pretreatment with IFN-Y at 100 U/ml
(Figure 4). When U237 cells were infected with dengue virus in the absence of
anti-dengue antibody, pretreatment with rIFN-Yy did not increase the percentage
of antigen-positive cells (1-3% without rIFNy-treatment and 1-4% with rIFNy-
treatment). Pretreatment of U937 cells with 1-1000 U/ml of rIFN-y also
increased dengue virus titers detected in the culture fluids when cells were
infected with virus in the presence of antibody, but not when cells were
infected in the absence of antibody (Table 10).
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Figure 4: Dengue virus infection of U937 cells pretreated with IFN-Y. U937
cells were incubated with variable toncentrations of IfN-Y for 24 hours and
then infected with dengue virus-antibody complexes at a m.o.i. of 5
p.f.u./cell, The percentage of dengue antigen-positive cells was determined by
indirect immnofluorescent staining 24 hours after intection.

Table 10: Virus titers in the culture fluids of dengue-infected
U937 cells pretreated with IFN-y.2

v
Infection in the presence Infection in the

IFN-Y (U/ml) of anti-dengue antibody : absence of antibody
0 5.0 x 103 3.5 x 102
1 4.5 x 104 4.0 x 102
10 6.0 x 104 6.5 x 102
100 9.0 x 104 7.0 x 10°
1000 1.0 x 1 6.0 x 10°

7 U937 cells were incubated with variable concentrations of riFN-y for 24
hours amd infected with dengue virus at a m.0.i. of 5 p.f.u./cell in the
presence of anti-dengue mouse serum at final dilution of 10~4, or in the
absence of antiserum. Cells were cultured at 3 x 10°/ml in RPMI containing
10% FCS for 24 hours. Dengue virus contained in the culture fluids was
titrated using a plaque titration assay.
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IFN-Y produced by human lymphocytes in vitro was used in the following
. PEMC from a dengue antibody-positive donor were cultured with
dengue antigen for 7 days, and the calture fluid collected. The culture fluid
ocontained 650 U/ml of 1FN-Y and no detectable IFN-Y as determined by
radioimmmoassays specific for human IFNy andx. U957 cells were incubated for
24 hours with various dilutions of this cultire fluid and infected with dengue
-~~~ - virus-antibody camplexes. The diluted cultwe fluids from lymphocytes of the

10 or 100 U/ml of IFN-), augmented dengue virus infection of U937 cells as well
as recambinant IFN-y (Table 11).

Table 11: CQulture fluid of a dengue-immme donor’s PEMC stinulated with
dengue antigen augments dengue virus infection of U937 cells

Source of IFNy Titer (U/ml) Percentage of denjue antigen-positive cellsP

: Dengue culture fluid® 1 13.2* :
g 10 21.6** ‘_’
100 32.6%** i
: Reccambinant IFN-Y 100 42.6"** E
a The PBMC fram a dengue—~antibody positive donor were cultured with dengue —.
: antigen for 7 days, and culture fluid was ocollected. This culture fluid,
which contained IFNy at a titer of 650 U/ml and no detectable IFN-3 as
: determined by RIA, was diluted to contain 1, 10, and 100 U/ml of IFNy for w
" pre-treatment of U937 cells. N
i b U937 cells were incubated with rIFN~-y or with dengue stimilated culture i
; fluid for 24 hours, and were infected with denque virus-antibody camplexes
Y at a m.0.i. of 5 p.f.u./cell. The percentage of dengue antigen-positive
E’; cells was deteyrmined by indirect immmofluorescence 24 hours after
4 infection. The percentage of antigen positive cells was compared between
. IFMN~7 pretreated cells and natreated cells. ,
L *  p>0.05 (not significant) )
#* pP<0.01
*&k% p<0.C01

To confirm that the

IFN-Y contained in the aculture fluid is responsible for

the augmented dengue virus infection shown in Table 11, culture fluid which

contained 10 U/ml of IFN-y was incubated with a monoclonal anti~-IFN-y antibody,

_ used to treat U937 cells. CQulture fluid pretreated with an anti-

i IFN-Y antibody did not augment dengue virus infection but the culture fluid |
i pretreated an anti-IFN-Y antibody did augment (Table 12). We also tried to
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‘ block the effect of rIfN-Y using a monoclonal anti-IFN-Y antibody to confirm
: that the rIFN-r-induced augmentation of infection was due to IFN-y, and was not
‘*’ due to other substances derived from the production of this recambinant IFNey
in E. ©oli (3). U937 cells were pretreated with 10 U/ml of xrIFN-Y vhich had
been incubated with a monoclonal IFN-Y antibody or a polyclonal anti-IFN~
antibody. An anti-IFN-y antibody inhibited the augmenting effect of rIFN-y,
but anti-IFN« antibody had no effect (data not presented). ‘These results
confirm that IFN-Y is responsible for augmentation of dengue virus infection
'T* 7~~~ ghown in Table 11 and Fiqures 3 and 4.

Table 12: IFN~ contained in the culture fluid of PEMC is responsible
for augmenting dengue virus infection of U937 cells

— Percentage of

:
! Source of IFN-Y Antibodiess® dengue antigen-positive cellsd
b
' Dengue culture fluid? None 66.0
‘ Anti-IFN-Y 20.5
Anti=-TFN=-X 59.6
Control culture fluidP None 20.9
None None 15.0
Anti--IFN-Y 16.4
, Anti~IFN-X 12.1
a Dengue culture fluid was obtained as described in the footnote of Table II,
: - and was diluted to contain 10 Usnl of IFN-Y.

PEIX of the same donor were cultured with a control antigen for 7 days, and
ailltuare fluid was collected. This culture fluid, which contained no
detectable IFN-7 or IFN-o was diluted similarly.

: ¢ Dengue culture fluid which contains IFN-Y was diluted to 10 U/ml and was

] then incubated with 1000 U/ml of monoclonal anti-IFN-Y and 2000 U/ml of

] anti-IFN=-x at 4°C for 2 hours.

! d U937 cells were incubated with culture fluids for 24 hours, and infected

' with dengue virus-antibody complexes at a m.0.i. of 5 p.f.u./cell. The

{ pemmtageofdemueu:txgm—positiveoellsvasdetami:aibyhﬂixact

k immmoflucrescent staining 24 hours after infection.

It has been reported that IFN-y increases Fcy receptors on U937 cells. We
tried to detexmine whether the IMN~y-induced augmentation of dengue virus
infection of Fcy receptor medicated. U937 cells which had been treated with
100 U/ml rIFN-7Y for 24 hours were incubated with y-glcbulin at 4°C for 20
" minutes. Cells were then infected with dengue virus-antibody camplexes.
Y=glohulin inhibited infection by dengue virus antibody complexes of U937 cells
vhich were pretresited with IFN-y, whereas bovine serum albumin at the same -
concentration had no effect (Table 13). These results suggest that the IFN-Y
induced augmentation of dengue virus infection is mediated by Fcy receptors.

15

.
3
.
hl
i



el
i

SR GE. A

Table 13: Inhih!~ion of ITFN-) induced augmentation of
dengue. virus infection by mman y-glabulin

Blocking Reagent

None

Y=Globulin (10 mq/ml) 1.8 <1.0
-BSA(10_ma/Anl) 226 1l.6

a U937 callsmidxmdhemtmatdwiﬂ\ 100 U/ml of rIFN-) for 24 hours were
incubated with hmman Y=glalin or bovine serum albumin at 4*C for 20
ninutes. Oells were infected with dengue virus-antibody complexes at a
m.0.i. of 5 p.f.u./cell. The percentage of dengue antigen-positive cells
was determined by indirect immmoflucrescence 24 hours after infection.

We then used the F(ab’), fraction of anti-dengue IgG, to confirm that IFN-Y

-induced augmentation of dengue virus infection is Fey receptor-mediated.
Pretreatment of U937 cells with IFN~y did not augment infection when cells were
infected with dengue virus in the presence of F(ab’), prepared fram anti
IgG, but IFN-Y-pretreatment augmented infection when cells were infected with
virus in the presence of purified anti-dengue IgG at 0.1 to 10 pg/ml (Table
14). This result confirms that the IFN-Y-induced augmentation of dengue virus
infection is mediated by Fcr receptors on US37 cells.

Table 14: F(ab’), prepared from anti-dengue IgG does not augment dengue
virus infection of U937 cells pretreated with IFN-Y2

Final concentration
of IgG and F(ab’) 5
Jna/ml)

I
None 1.0 1.0 1.4 1.4
0.001 1.3 1.3 1.0 0.5
0.01 6.2 0.9 3.5 1.5
0.1 36.5% 2.1 9.8* 1.2
1 73.7% 0.4 34.2% 1.2
10 36.5* <0.3 16.8* <0.3
200 11,6** 0.4 Z,0%%__ <0.3
a U937 cells were incubated with or without 100 U/ml of rIFN-Y for 24 hours,

ard infected with dengue virus at m.o.i. of 5 p.f.u./ml in the presence of
various concentrations of purified anti-dengue IgG or F(ab‘), prepamd from
IgG. The percentage of denque antigen-positive cells was detemined
hours after infection. The percentage of antigen positive cells was
caopared between IFN-Y-pretreated cells and nontreated cells at same
concentrations of IgG and F(ab’),.

* Pp<0.001;

** p<0,005; p>0.05 (not significant) at other concentrations of IgG ard all
the concentrations of F(ab’)s.
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We tried to determine whether there is a ¢cyrelation between the mmrber of
Foy receptors and the percentage of dengue antigen-positive cells. U937 cells
were incubated with variable concentrations of IFN-y for 24 hours, and examined
for Foy receptor expression by quantitative FACS-analysis after exposure to MAb
32 vhich is specific for human FeyRl. The percentage cf antigen pesitive cells

_was determined 24 hours after infection. The results shown in Figure S

demonstrate that there is a good correlation between the percentage of denque
antiqen-positiveceusuﬂthemmberof Fey zewptors.

25x10° [
_ 50
gi 20110 40
f 3 30
EE 15010 o 20

o"

1.0x10° — -~ Yy 0
0 0.1 12 8§ 10 100

Conc Of FN-Y (L/m)
Figure 5: Correlation between IFN-y increased Fcyreceptors and dengue virus
infection. U937 cells were incubated with variable titers of IFN-Y for 24
hours. Oells were infected with dengue virus-antibody carplexes at a m.o.i. of
5 p.f.u./cell. The percentage of dengue antigen-positive cells was determinad
by indirect immmofluorescent staining 24 hours after infection. The relative
mers of Foy receptors was measured by quantititative FACS-analysis.,

{0) 592 easod wabnue anbueg %

We tried to determine whether the culture fluids of PEMC stimilated with
dengue antigen cculd augment dengue virus infection of human monocytes.
Qulture fluids were cbtained fram denjue-immine PEMC after stimulation with
dengue antigen, and they were then diluted to contain 3 U/ml of IFN. Qulture
fluids of the same dengue-immune PEMC that had been exposed to control antigen
were similarly diluted. Human monocytes were exposed to these culture fluids
for 24 hours. They were then washed and infected with dengue virus-antibody
camplexes. A similar pervent of the monocytes cultured without addition of
callture fluids from PEMC and those that were treated with the culture fluid
fram dengue-imumne PEMC that had been exposed to control antigen became
int‘ectedarﬂexpresseddengueantigem however, an increased muber of the .
monocytes treated with diluted culture fluids from dengue-immne PEYC that had
been exposed to dengue antigen and contained 3 U/ml of IFNy had dengue viral
antigens (Table 15, p<0.001 in BExp. 1 and p<0.01 in Exp. 2). This augmenting
effect of dengque antigen-ctimulated culture fluid vas abrogated by anti~IFNy
antibody, but not by anti-IFNX antibody (data not piesented).
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Table 15: Augmentation of dengue virus infection of hman monocytes
by IFNY produced by PEMC in response to dengue antigen

Treatment of MONOCYTesS 3 dengue antioen-positive cells
Ep,_1
None (REMI containing 10% FCS) 22% (64/286) 5% (15/274)
Diluted culture fluid of PEMC
stimlated with dengue antigen 37% (99/265)*% 12% (38/325) wak

Diluted culture fluid of PEMC

. SY (14/301) kdkk
Culture fluids okained from dengue-immme PEMC after stimulation with dengue
antigen were diluted to contain 3 U/ml of IFNy, and culture fluids of the same
PEMC exposed to control antigen, which did not contain detectable levels of IFNy
» were diluted similarly. After txeatment with these fluids for 24 hours,
haman monocytes were infected with dengue virus type 2 at a m.0.i. of 10
p.f.u./cell in the presence of anti-dengue 2 mouse serum diluted at 1:10000.
The pexcertage of monocytes infected with dengue virus was determined 24 hours
after infection by indirect immmnoflucrescence.

The percentage of dengue anti-positive monocytes pretreated with culture fluids
of PEMC stimulated with dengue antigen or control antigen were carpared with
the pexrcentage of dengue antigen-positive monocytes which was not treated with
caultwre fluid by Chi-sguare test. #p<0.001; #**p>0.5 (not significant);
*hkp<0,01; ***in>0,.7 (not significant).

III. DISCUSSIN

The role of T lymphocytes in recovery from dengue virus infections and in
the pothugenesis of severe complications has not been elucidated. 1In this
report we demonstrated dengue-specific T lymphocyte proliferative
with P of dengue-antibody positive mmans. We used fixed, sonicated dengue
virus-infected Vero cells as antigens, as previously reported with measles
virus (4), because cell-free preparations of live Gengue virus did not
stimlate PEMC of dengue-immmne donors (data not presented). Proliferative
responses induced by these antigens are dengue-specific, because PEMC of dengue
antibody-positive donors respond to dengue antigens but not to control antigen,
and PEMC of antibody-negative donors do not respond to dengus or control
antigens. Antigens of the four dengue serotypes induced generally similar
levels of proliferative responses of PEMC from the Thai adult donors. The
dengue infection histories of these adult Thai donors are not known, but they
all have high levels of antibodies to the four denque serotypes, presumably as
a result of prior natural infections. The PEMC of an American donor A, who had
been immmized with yellow fever vaccine and later became infected with dengue
3 virus, responded best to dengue 3 antigen but also responded to dengue 1, 2
ard 4 antigens to same degree (Table 3). These results suygest that human T
cell responses to primary dengue infections include both type-specific and
serotype cross-reactive responses.

We then established 15 dengue-specific T cell clones using donor A PBL to
further analyze human T cell responses to dengue viruses. All the clones

responded to dengue 3 Ag best, and they also responded to dengue 1, 2 and 4
18
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antigens to lower but significant levels. These results suggest that T cell
responses to dengue viruses are serotype cross reactive to varying degrees
depending on the clone at the clonal level. We are defining the dengue
epitopes which are recognized by human T lymphocytes. Dengue virus has three
structural proteins; mlopevatein(n),mnmpmtein (M and capsid
protein (C) (5,6). It also induces seven non-structural protaing, RS1, NS2a,
NS2b, NS3, NS4a, NS4b and NS5 (5,7). Although the role and inmunogenic
properties of these ten proteins has not been defined, E protein is thought to
~ cantain epitopes which induce neutralizing antibody responses (8). Monoclonal
‘antikodies to E protein protect mice from lethal dengue infection (9).
Recently, it has been reported that immmization of mice with dengue 2 virus .
NS1 protein provided significant protection against letha)! challenge with
dengue 2 virus (10). Identification of the epitopes or denque antigens which

are recognized by T cells and may have a role in protection or in the
pathogenesis of DHF and DSS is an important area for research.

In this report we also demonstrated that dengue-specific cpa* T cell clones
produce IFNy after stimilation with dengue antigens. We examined the effect of
IFN Y on dengue virus infection of mman monocytic cells, and demonstrated that
IFN-Y augments dengue virus infection of U937 cells in the presence of anti-
dengue antibodies. This effect is Fcy receptor-mediated, because (i) IFN-y has
no augmenting effect an the infection of U937 cells when cells were infected
with dengue virus in the absence of anti-dengue antibody, (ii) IFN=-Y does not
augment dengue virus infection when cells were infocted with virus camplexed to
the F(ab’), fraction prepared from anti-dengue IgG, (iii) IFN-Y has no
angmnting effect when Foy receptors on U937 cells are blocked by v -glabulin,
and (iv) there is a good correlation between the percventage of dengue antigen-
positive cells and the murber of Fcy receptors on U937 cells. We ocbserved that
IFNy increases the mumbar of Foy receptors on U937 cells as previously reported
by other investigators (11,12). Based on these cbservations, we conclude that
the increase in the mmber of Fcy receptors on U937 cells induced by IFN-Y
leads to an augmented uptake of dengue virus in the form of dengue virus-
antibody camplexes, which results in a higher percentage of dengue infected
cells, and in higher yields of infectiocus dengue vixus. IFNy also augmented
dengue virus infection of husan monocytes enriched from peripheral blood
monoruaclear cells, when monocytes were infected with virus in the presence of
anti-dengue antibodies. IFNy did not augment dengue virus iafection of human
monocytes when cells were infected in the absence of antibody (data not
presented) .

It has been reported that IFN-2has no or little effect on the mmber of Fcy
receptors on monocytic cells (11,12). We fourxd that IFN-= suppresses dengue
virus infection of U937 cells at doses higher than 1 U/ml even when cells are
infectad in the presence of anti-dengue antibody (data not presented). We
attribute this suppressed effect to the antiviral activity of IFN-). We
recently reported that high levels of IFN«o were produced by dengue virus-
infected monocytes (13) and by DR+, non-T lymphocytes cultured with dengue-
infected monocytes (14), furthermore the IMN~ produced was active in limiting
infection of mman monocytes by dengue virus (13,14).

It has been hypothesized that increased infection of monocytes with dengue
virus in the form of dengue virus-antibody camplexes may ocaur in vivo amd play
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an important role in the pathogenesis of dengue hemorrhagic fever/dengue shock
syndrame (DHF/DSS) (2). This is supported by epidemiological studies which
reported that most cases of DHF/DSS cocur during secondary dengue infections
when anti-dengue antibodies are present (1%,16). We have also found that the T
lymphocytes of individuals who have antibodies to dengue viruses proliferate
and produce high titers of IFN-y after stimilation with dengue antigens in
vitro. The IFN-Y produced by dengue virus stimulation of immme T cells was
active in augnenting dengue virus infection of U937 cells and hunan monocytes.
Therefore, we hypounaize that IFN-Y is produced by denque-specific T
" lynphocytes during secondary dengue infections after stimulation with conserved
and the IFN-Y produced might contrilute to the pathogenesis of
um/msbyﬂmmgmrww«mmmm thexeby
increasing the mmber of infected monocytes and the yields of infectious dengue
virus in the presence of anti dengue virus-antibodies.
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